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Does Higher Quality of Diabetes
Management in Family Practice Reduce
Unplanned Hospital Admissions?

Mark Dusheiko, Tim Doran, Hugh Gravelle, Catherine Fullwood,
and Martin Roland

Objective. To investigate the association between indicators of quality of diabetic
management in English family practices and emergency hospital admissions for short-
term complications of diabetes.

Study Setting. A total of 8,223 English family practices from 2001/2002 to 2006/2007.
Study Design. Multiple regression analyses of associations between admissions and
proportions of practice diabetic patients with good (glycated hemoglobin [HbAlc]
< 7.4 percent) and moderate (7.4 percent <HbAlc < 10 percent) glycemic control.
Covariates included diabetes prevalence, baseline admission rates, socioeconomic,
demographic, and geographic characteristics.

Data. Practice quality measures extracted from practice records linked with practice-
level hospital admissions data and practice-level covariates data.

Principal Findings. Practices with 1 percent more patients with moderate rather than
poor glycemic control on average had 1.9 percent (95 percent CI: 1.1-2.6 percent) lower
rates of emergency admissions for acute hyperglycemic complications. Having more
patients with good rather than moderate control was not associated with lower admis-
sions. There was no association of moderate or good control with hypoglycemic
admissions.

Conclusion. Cross-sectionally, family practices with better quality of diabetes care had
fewer emergency admissions for short-term complications of diabetes. Over time, after
controlling for national trends in admissions, improvements in quality in a family prac-
tice were associated with a reduction in its admissions.

Key Words. Ambulatory care sensitive conditions, primary care, diabetes, quality
indicators, hospital admissions

Diabetes is considered to be an ambulatory care sensitive condition where timely
and effective management in primary care should reduce emergency hospital-
izations (Weissman, Gatsonis, and Epstein 1992; Billings et al. 1993; Bindman
et al. 1995; Department of Health [DOH] 2001; Agency for Healthcare Quality
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and Research [AHQR] 2004; National Institute for Health and Clinical Excel-
lence 2008; Purdy et al. 2009). Poor diabetic control can result in life-threatening
hyperglycemic or hypoglycemic states in the short term, and in vascular com-
plications which are major causes of mortality and morbidity in the long term.
Better quality of primary care diabetes management should therefore result in
fewer hospitalizations for diabetic complications.

There is, however, little evidence about the relationship between higher
quality diabetes management in primary care and emergency hospital
admissions for diabetes. In this paper we examine the association, both
cross-sectional across practices and over time within practices, between the
quality of glycemic control in family practices and their hospital admission
rates for emergencies (unplanned admissions) due to short-term diabetic
complications.

We use information on the quality of care for all family practices in
England extracted automatically from practice electronic records as part of the
Quality and Outcomes Framework (QOF) pay-for-performance scheme
(Roland 2004). Quality is measured at practice level by a set of clinical
indicators with practices awarded points according to the proportion of
eligible patients for whom they achieve each indicator. The scheme includes
18 diabetes-related indicators, covering both process measures for secondary
prevention (e.g., screening for retinopathy) and intermediate outcome mea-
sures, including control of glycated hemoglobin (HbAlc) levels (NHS
Employers 2008). We do not attempt to assess the impact of the QOF on
admissions because we do not have data on quality before the QOF was
introduced. Rather, we use the detailed information produced by the QOF to
examine whether higher practice quality is associated with fewer emergency
admissions.

Few studies have examined the association between practice diabetes
care quality and hospital admissions. Bruni, Nobilio, and Ugolini (2009) found
that in the Emilia Romagna region of Italy in 2003 patients registered with
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family practitioners who received more income from participation in a
pay-for-performance program had a significantly lower probability of hyper-
glycemic emergencies. Saxena et al. (2006) used data from 31 Primary Care
Trusts (PCTs—statutory bodies responsible for commissioning care for
geographically defined populations) in London for 2000/2001. They found
that PCTs with a higher proportion of family practitioners who were offering
health promotion clinics for diabetes had lower emergency and elective ad-
mission rates for diabetes. This study was based on 1 year’s data and relatively
few observations and could not allow for potential confounding by socioeco-
nomic factors.

Other studies have used detailed performance indicators available in the
QOF incentive scheme. Downing et al. (2007) examined the relationship
between the risk of emergency admission for diabetic complications for
patients and the QOF points scored by 94 family practices in two PCTs,
controlling for socioeconomic and demographic characteristics. Patients in
practices with higher scores across all disease areas had lower risks of emer-
gency diabetic admission, but the association was not significant. Bottle et al.
(2008) examined all 303 PCTs in England and found that, after allowing for
area deprivation and diabetes prevalence, PCTs with higher average QOF
scores for diabetes management had significantly lower emergency admission
rates for patients aged 60 and older.

We have also used data from the QOF, but we have addressed key
limitations of the existing literature based on the QOF. First, the scheme has
upper payment thresholds of between 50 percent and 90 percent for quality
indicators, so that practices can earn the maximum points on an indicator
without necessarily achieving the target for all relevant patients. Practices are
also permitted to exclude (“exception report”) patients from specific indica-
tors, for reasons including extreme frailty, intolerance of a particular medi-
cation, and patients refusing treatment (DOH 2004). For these reasons, quality
is better measured by the proportion of patients for whom a practice achieved
a quality indicator, rather than the number of points scored.

Second, the relationships between practices’ achievement on diabetes
quality indicators and patient outcomes are likely to be complex. Dietary
advice, exercise, and appropriate prescribing can reduce HbAlc levels and
hence lead to fewer emergency admissions for hyperglycemia. But exercise
and insulin can increase the risk of emergency admissions for hypoglycemia
(Briscoe and Davis 2006). Improved monitoring of peripheral pulses and
neuropathy could lead to increased elective admissions over the short to
medium term, as more complications are detected and referred for treatment.
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In the longer term, they could lead to fewer admissions for retinopathy,
neuropathy, cardiovascular disease, and kidney disease. It is, therefore,
necessary to relate different types of diabetic admission to the relevant quality
indicator.

Third, previous studies used a single year of data and were vulnerable to
confounding by unobserved factors that affect both practice admission rates
and quality as measured by the QOF. We included relevant covariates in our
cross-sectional analysis and also examined the longitudinal relationship
between practice emergency admissions and quality over 3 years, thereby
removing the risk of confounding by unobserved factors which differ across
practices but which are constant over time.

METHODS

Our research question was whether better quality of family practice diabetes
management was associated with lower practice admission rates for glycemic
complications. Although we use data from the QOF incentive scheme for
three financial years 2004/2005 to 2006/2007 to measure quality, we do not
investigate whether the incentive scheme affected quality.

The quality measures are the proportions of practice-recorded diabetic
patients for whom the relevant QOF quality indicators for monitoring and
control of HbAlc levels were met. We investigated the association of these
indicators with four groups of emergency admissions relating to short-term
diabetic complications: (i) all complications due to poor short-term glycemic
control, (i) acute hyperglycemia (ketoacidosis and coma), (iii) nonspecific
hyperglycemia, and (iv) hypoglycemia. The all complications group (i) was the
sum of groups (ii)—(iv). The unit of analysis was the family practice (groups of
family physicians with a mean of four full-time equivalent physicians and a
mean registered population of 6,412 patients in 2006/2007).

Outcome Variables

Hospital admissions data were taken from Hospital Episode Statistics for En-
gland (Information Centre for Health and Social Care 2009a). For the financial
years 2001/2002 to 2006/2007, we extracted all emergency spells for indi-
viduals with a primary diagnosis of diabetes. Transfers from one hospital to
another were excluded to prevent double counting.

Diagnoses were classified using the International Statistical Classifica-
tion of Diseases and Related Health Problems 10th Revision (ICD-10) (World
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Health Organization 2007). Healthcare Resource Groups (HRG) v3.5 codes
(Information Centre for Health and Social Care 2007a, b) were used to assist
with classification into acute or nonspecific hyperglycemic and hypoglycemic
categories. Our classification was based on preventive quality indicators
guidelines published by the U.S. AHQR (see AHQR 2004). The full set of
codes is given in Appendix Table SA1. Admissions were aggregated to family
practice level for each year to provide a count of the total number of admis-
sions for each family practice.

Diabetes Care Quality Measures

We measured the proportion of recorded diabetic patients in each practice for
whom three indicators of diabetic control were met (see the Appendix for
further details). We used information on the three quality indicators of
glycemic control: whether HbAlc was measured (indicator DM5); whether
measured HbAlc was < 7.4 percent (7.5 percent for 2006/2007) (indicator
DMS6); and whether measured HbAlc was < 10 percent (indicator DM7).
The categorization of glycemic control is given in Figure 1. For each practice,

Figure 1: Categorization of Glycemic Control for Patients Registered as
Diabetic under the U.K. Quality and Outcomes Framework
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we constructed three measures of glycemic control—the proportions of all
registered diabetic patients for whom:

e HbAlc levels were measured.

e HbAIc was measured and was well controlled (HbAlc < 7.4 per-
cent in 2004/2005 and 2005/2006, and < 7.5 percent in 2006/ 2007).

e HbAlc was measured and was moderately well controlled (7.4 per-
cent <HbAlc < 10 percent in 2004/2005 and 2005/2006, 7.5 per-
cent <HbAlc < 10 percent in 2006/2007).

This method of measuring diabetes quality differs from that used in
previous papers based on QOF data in three respects. First, it uses information
on specific glycemic control indicators rather than aggregations over all clin-
ical indicators. Second, we measure quality as the proportions of registered
diabetic patients for whom good or moderate control has been achieved,
rather than as the number of points earned by the practice under the pay-for-
performance scheme. As previously noted, a points-based measure will un-
derstate the variation in quality in practices because improvements in quality
above an upper threshold are not reflected in points earned and because
points scores are affected by exception reporting (DOH 2004; Doran et al.
2008a, b; Gravelle, Sutton, and Ma 2010).

Covariates

Practice and patient characteristics were obtained from the DOH’s General
Medical Services dataset and the Prescription Pricing Division of the Business
Services Authority for each year from 2004/2005 to 2006/2007. The variables
included the Low Income Scheme Index (Lloyd, Harris, and Clucas 1995),
which is the proportion of prescriptions in a practice which are dispensed
without charge because the patient has a low income. Measures of access to
primary and secondary care, and rurality indicators were obtained from Office
of National Statistics and the DOH (DOH 2008). Local population charac-
teristics such as income, education, housing, morbidity, and mortality were
derived from the Office of National Statistics Neighbourhood Statistics
archive (Office for National Statistics 2008). These data were available for
34,378 Lower Super Output Areas with average populations of 1,500. It was
attributed to practices using the Attribution Data Set (Information Centre for
Health and Social Care 2009b), which contains information on the number of
patients in each family practice resident in each Lower Super Output Area.
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To allow for differences in hospital admission policies and treatment
quality in secondary care, we included the proportions of a practice’s emer-
gency diabetic admissions at each of 298 hospitals in each year. Every family
practice is supervised by one of the 303 PCTs in England, which have an
average population of 170,000. To allow for unobserved variations in PCT
policy, community care, and other geographic characteristics, we included a
dummy variable for the practice’s supervising PCT. Further details of variable
construction are in the Appendix.

Exclusions

A total of 8,606 practices had complete diabetes registers for at least 1 year
between 2004/2005 and 2006/2007. Practices were excluded from the study if
they had fewer than 1,000 registered patients in a year; missing baseline
admission rates; incomplete socioeconomic or practice data; or no recorded
prevalence. Our main results are based on data from 8,158 practices in 2004/
2005, 7,921 in 2005/2006, and 7,956 in 2006/2007.

Estimation

For each of the four categories of emergency admissions, we tested for an
association between practice diabetes management quality and emergency
admission rates in two ways. First, we examined the cross-sectional association
across practices between quality and admissions to see whether practices with
better quality in a year had lower admission rates in that year. We estimated
random effects multiple regression count data models with a large set of so-
cioeconomic and practice covariates to reduce the risk of confounding. The
covariates included the average admissions for a practice over the 3-year
period 2001/2002 to 2003/2004. This presample admission rate will pick up
unobserved practice confounding characteristics that do not vary over time
(Blundell, Griffith, and Windmeijer 2002) (see the Appendix for full details).
We also included year dummy variables in the regressions to allow for na-
tional time trends in admissions affecting all practices. Thus, the estimated
coefficients on the quality variables in the cross-sectional regressions show the
association between quality and admissions across practices in any given year.

Second, we examined the longitudinal association at practice level be-
tween quality and admissions to see whether practices that improved their
quality over time experienced a reduction in admissions. We used fixed-effects
count data multiple regressions and included year dummies so that the co-
efficients on the quality variables estimate the association between changes in
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practice quality and changes in admission rates after allowing for national
trends and for potentially confounding covariates that changed over time. By
looking at the association of the changes over time in admissions within prac-
tices and changes over time in quality within practices, we removed the effects
of unobserved practice characteristics that did not change over time and that
might affect admissions and be correlated with quality.

Effect on Costs of Diabetes-Related Admissions

We used the estimated coefficient on the moderate control variable to
calculate the reduction in hospital costs per practice from having 5 percent
more patients with moderate rather than poor glycemic control in an average
practice.

RESULTS
National Trends in Emergency Admissions

The overall rate of short-term diabetic emergency admissions in England
increased from 6.35 per 10,000 person years in 2004/2005 to 6.79 per 10,000
person years in 2006/2007 (Table 1). Hyperglycemic admissions were on
average 3.5 times more frequent than hypoglycemic admissions, and 25
percent of practices had no hypoglycemic admissions during the first 3 years
of the pay-for-performance scheme.

Quality of Care

Prevalence of diabetes, as recorded by the practices, increased from 3.5 percent
in 2004/2005 to 3.8 percent in 2006/2007. As Table 1 shows, practice scores on
the quality indicators have generally been high. On average, in 2004/2005
practices measured the HbAlc levels of 91.2 percent of diabetic patients, in-
creasing to 94.0 percent by 2006/2007. Over this period, the percentage of
registered diabetics achieving good glycemic control increased from 51.4 per-
cent to 59.3 percent—although the target was relaxed slightly in 2006/2007—
and the percentage with poor control fell from 16.7 percent to 13.3 percent.

Cross-Sectional Association of Quality of Care and Emergency Admissions
across Practices

Table 2 has estimates of the cross-sectional association of quality of care and
admissions. The reported coefficients ¢ are incident rate ratios, so that a unit
increase in an explanatory variable is associated with 100(3-1) percent higher



35

Does Diabetes Management Reduce Hospital Admissions?

*98uer paye)s oY) UI Sem [9Ad] OTYQH U1 sour asoym sjuarjed onaqerp paiasidar Jo afejuadio g,

1811 9on0ead uo syuaned (0001 10dx

Jjusrainseaua
857G 000 76 90'¢ OTVqH 10§ paydeoxy
£9°99 000 LV'9 S A4 01 > dIV9H>G'/L (daal 000 Pl 06°0 orureoA[SodAg
1776 00°0 67’6 9%'65 6L > PIVIH 051 000 98°G 097 omueoA[3redAy oywedsuoN
007001 0251 et 56'€6 paanseowt 91 yqH 1098 000 eT'y 67°€ oruedA[SradAy ooy
79°01 €1'0 L0 LLE oousfesaid sejeqeIq L0'16 00°0 79'¢ 6L9 SUOISSIWPE ULIS)-HOYS [V
(966°L =) £002/9007
Juauanseaua
987k 000 GLT 65°¢ OTVqH Ioj pardeoxy
ze'59 000 TL9 L¥'1E 01 > PTVIH>7TL PF81 000 ¥ 1670 BULCRISERTISS|
£0°66 65°8 0L'6 L6°€S FLS OTVqH 0919 000 S0'¢ 425 PmuadA[S1adAy sywadsuoN
007001 €506 Se'G S1°€6 paanseow 91 yqH ¥8°6F 000 96'¢ L0°€ orweoA[310d4y amoy
1671 030 €0'1 89°¢ oouspeaard sejoqerq 56'19 000 A A SUOISSIWPE WLIS}-HOYS [V
(126°2 =) 900Z/500T
JUIWIAINSBIW
0€'9L 000 S0'e 10°¢ 9TVqH 1oj pardeoxy
£9°99 000 152 g61€ 01 > OIVIH>TL 6L%1 000 71 98°0 ored4[SodAH
8.6 000 8201 6516 WL > P1VQH 1668 000 00°g 125 dmuedk[3rodAy ogwadsuon
painseawt Oy qH)
00001 9%°0 69°Z LT'T6  wqo[Soway pajedA[ 8£°09 000 99°g 8L smeaA[Erad4Ay ooy
9691 150 10T 8¥'¢ oouspesard sejeqerq 69'96 000 8€°6 Gg'0  4SUOISSIWPE WId)-HOYS [V
(9618 =) S00Z/v00T
WRURXDRY  WRWIUY  U0YDIAa(] uvapy a1qvLing WRURXDRY  WRWIULY  UODIA(]  UDIPY a1qoLn/
pAvpuvis pAvpuvis

[onuo)) d1edA[L) 10§ pue suonedduio)) wire 410Yg J0j suoSSTpy AouaSioury 10§ sonsnels aAndrosa(]

£003/900 © S005/700 ‘S2omde1] [e1ouss) YsISug 10§ s107ed1pu]

G



Health Services Research 46:1, Part I (February 2011)

HSR

36

*GEOFG ST [PPOW [JBd UT SUOT}EAISSO JO Ioquunu oY ], ‘¢S d[qe], xipuaddy ur symsax [ snn
Textdsoy yoes e suotsstupe sonoeid ay jo suontodoid ey pue serwinp jsniy, are)) Arewtiq SUIPNOUI ‘S3jeLIRA0D JO 198 [[N © 9PNOUI OS[e S[PPOW [[Y

*S97e1 UOISSIpE PajIpaId Uo s97e1 UOISSIWpE [ENJOE JO UOISSAIS0I B WO A7 3y} WOy paure)qQ,
$00%/500 03 003/100¢ 03 1940 paSeraae ‘opqerrea juspuadap se od£) sures jo suornedrduiod dNagerp WiId)-}I0ys 10§ d)el UOISSIUIpE autfaseq

(9006/7007) Teak surfaseq yim paredwo),

“JUB)SUOD SI030EJ 190 [[e SuIp[oy ‘6005/F00g Ym patedurod

1eak 9U} UI SUOISSIWIPE Ul 90UI9JJIP 9} MOYS S9[(eLIeA %Eaﬁﬁ TRk 9} U0 SHUINYJ200 Y T, 0400 T Q'uﬁomomtwoov S paje[noyed aq ued ‘yue)Suod S9[qeLreA
1o0 [re Surpjoy ‘o[qerrea Arojeue[dxa snonunuod & ur 2JULYD JIUN | © Y)IM PIJEIOSSE el UOISSIUpE oy} ul afueyd oSejusdrad oy, "sjrun uonerasp
@H&Uqﬁm ur @muﬁmdwa ajer CO_mmME—u‘m vﬁﬂwwdn— @Gﬁ ®UE®~N>®H& .momSGOUHOQ se ﬁw.:;mdwe wHOHNu:uEM \Aﬁﬂmﬁd ‘soner ajelr uﬁwﬁwuﬁm se ﬂoahomwh wu—ﬁwwom@moo._.
‘[9A9] 0fp] e JuredyTuSts \A:muumuﬁm*v.w

“[OAS] 0/ Y& JuedYIUSTS A[[EONSEIS,,

€80°0 ¥e1°0 Lv1°0 9020 A SUoyyq

= 87'G ¥50°1 #89°€1 GIT'T #5500 [Va! #xG1'€0 €91°1 §OYed UOISSIWpE Juljoseq
#:66'C G90°1 wVV'G £90°T 806G 680°1 68 €L0'T aouaesdid saaqer(]
¥6'1 870°1 €61 — GL6°0 =97'8 G811 #08°G ¥L0°T 1£008/900G 12X
+0€°C 050°T [ 8101 sl LG L60°1 #xL9°G LS0'T 19006/500¢ “Tes X
69°0— L66°0 ¥0°0 000°T 620 100°T 1’0 000'T SuHOyUOW d[YqH WOIj papnjoxy
€e’1 G00°T #79°€ 0101 007 G10'1 w01°G 1101 patojuout 5Ty qH
L9°0— L66°0 wGEY — 886°0 wb9'G — 186°0 #:6E'9 — L86°0 01 > OIVAH>C"L/¥'L
o't — 9660 w169 — 9860 #0609 — 1860 #0668 — G86°0 §'L/7L > (PTV9H) wqojSouwray payes[

J2pouL JDU011225-550.47)

msupis-z  owffooy  oysupis-z - quawmffoon  ousuis-z - uaffon  ousuvis-z  guawyffao)

nuaoSodlgr nuaogSragiry nuaogSiag iy wiq [ 140YS Jjy7
nfioadsuopn anayy

suorsstupy AouaSroury orwooA[SodL] pue OrweoA[S1odA ] ‘wris ] -110YQ [V 10J S9yey] UOISSIUpPY
AouaG1owry 20moeI] pue AIEN() 9010.I] U99IMIS] SUONBIIOSSY [EUONIIG-SSOI)) JO S[OPOTN UoIssa1Say oa[dnmy  :79[qel



Does Diabetes Management Reduce Hospital Admissions? 37

admission rates. Thus, higher proportions of diabetic patients with good or
moderate measured glycemic control were significantly associated with lower
admission rates for all emergency admissions, and for acute and nonspecific
hyperglycemic emergency admissions. There was no significant association
with hypoglycemic admissions.

The coefficients in Table 2 on the good control quality variable (HbAlc

< 7.4 percent or 7.5 percent) are estimates of partial associations, holding
constant the proportions of diabetic patients with measured HbA Ic levels and
with measured HbA1c with moderate control. They show that practices with a
higher proportion of patients with good measured control (and hence a smaller
proportion with poor measured control) have lower rates of admission. Sim-
ilarly, the coefficient on the moderate control measure shows that practices with
a higher proportion of patients with measured moderate control (and a lower
proportion with poor measured control) also have lower rates of admission.

The quality measures are measured as percentages so that a 1 percent
higher proportion of recorded diabetic patients with moderate glycemic control
rather than poor control was associated with a 1.3 percent (95 percent CI: 0.92—
1.73 percent) lower rate of all emergency admissions for all short-term com-
plications. This equates to 0.058 (95 percent CI: 0.040-0.076) fewer admissions
per year for an average practice. A 1 percent higher proportion of patients with
moderate rather than poor control was associated with 1.9 percent (95 percent
CI: 1.2-2.6 percent) fewer admissions for acute hyperglycemic complications.

The difference between the coefficients on good and moderate control
was not significant for any of the admission types. Thus, practices with similar
proportions of patients with good or moderate control had similar admission
rates, irrespective of the relative size of the proportions with good and mod-
erate control.

There was a significant positive association of monitoring with admis-
sion rates in the combined and hyperglycemic models. Because the propor-
tions of monitored patients with good and moderate control and the
proportion of diabetic patients exception reported are held constant, a higher
rate of monitoring implies that a higher proportion of monitored patients have
poor control and that there is a lower proportion of unmonitored, but not
exception reported patients (see Figure 1). This suggests that unmonitored
patients were at less risk of admission than monitored patients in poor control
and were probably a mix of patients with good, moderate, and poor control.

The baseline admission rate was highly significant in predicting subse-
quent admissions in all models, indicating the importance of controlling
for persistent unobservable practice and patient characteristics that affect
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admissions. The coefficients on the year dummies show that after allowing for
changes in quality of diabetes care, in diabetes and other disease prevalence, in
demographic characteristics of the patient populations and changes in practice
size and composition over time, admission rates increased significantly year
on year by 6 percent (95 percent CI: 3-8 percent) in 2005/2006 and by
7 percent (95 percent CI: 3-11 percent) in 2006/2007 relative to 2004/2005.

Holding diabetes care quality constant, other characteristics of the prac-
tice and its population had statistically significant associations with emergency
hospital admission (see Appendix Table SA3). Lower admission rates were
associated with higher proportions of patients resident in community care
establishments and education-deprived areas (for nonspecific hyperglycemic
admissions).

Higher admission rates were associated with the following: higher re-
corded levels of other morbidities (including mental health problems and
chronic obstructive pulmonary disease [COPD]); higher mortality rates;
higher prevalence of risk factors such as smoking and obesity; and demo-
graphic characteristics including the proportion of female patients aged 15-44
and over 75, and the proportion of the population that was nonwhite.

Longitudinal Association of Diabetes Care Quality and Admissions within Practices

Table 3 reports results from multiple regression models of the association of
changes in practice quality and practice admission rates (full results are available
from the authors). In all cases, an increase in the proportions of diabetic patients
in good and moderate glycemic control was significantly associated with lower
admissions, with larger reductions for acute than for nonspecific hyperglycemic
admissions. The differences in the coefficients on the good and moderate con-
trol indicators were again not significant. Results (available on request) from
other longitudinal models were very similar in magnitude, except that the as-
sociations for moderate control with acute and nonspecific admissions were
insignificant in the fixed-effects model. All models had small and nonsignificant
associations of better control on hypoglycemic admissions.

Financial Implications

Under the QOF incentive scheme the financial reward for the moderate control
indicator (DM?7) increased linearly with the ratio of diabetics with at least mod-
erate control to those declared eligible, between a lower threshold of 0.4 and an
upper threshold of 0.9. Further increases in the ratio did not yield additional
reward. Achieving the upper threshold in 2006/2007 would have earned the
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average practice £1,375 (U.S.$2,063). For the indicator of good control (DMG6)
the lower and upper thresholds were 0.40 and 0.50 and an average practice
would have received £2,125 (U.S.$3,188) for achieving the upper threshold.

In 2006/2007, the average family practice in England had 32 (13.3 per-
cent) of its reported diabetic patients with recorded poor control. In 2006/
2007 a practice with 5 percent more patients with moderate rather than poor
control would have had hospital admission costs for short-term diabetic com-
plications that were lower by £771 (95 percent CI: £533-£1,012) (U.S.$1,157
[95 percent CI: U.S.$799-U.S.$1,518]). Such a practice would have earned
£146 (U.S.$219) more from the incentive scheme if it was between the lower
and upper limits for the moderate control indicator. However, in 2006/2007,
96 percent of practices were above the upper threshold for at least moderate
control (DM7) (and 79 percent above the upper threshold for good control
[DM6]) and so would have received no additional direct financial reward for
such an improvement in diabetes control.

DISCUSSION
Potential Limitations

Our study was ecological, measuring quality of care at the practice level. We
therefore could not relate an individual’s risk of admission for short-term
diabetic complications to his or her quality of care. This may lead to biased
estimates of the association if the relationship is nonlinear or if important
covariates were omitted in aggregating to practice level. We did, however,
include a rich set of covariates measured at practice level.

The prevalence of diabetes recorded by family practices in our study—
3.7 percent in 2006/2007—was about a quarter less than prevalence estimates
from the Health Survey for England (Mass6 Gonzalez et al. 2009). In addition
to including reported practice prevalence in our models, we allow for under-
recording of prevalence by including practice population demographic and
socioeconomic characteristics that will be correlated with prevalence.

The negative association between practice glycemic control and practice
admissions does not prove that better control causes lower admissions. The
association may be due to confounding by unobserved factors that increased
admissions and were negatively correlated with recorded glycemic control.
For example, there might be a negative association—even if control has no
effect on admissions—if practices with more deprived populations have
higher diabetes prevalence (and hence more admissions) and also find it
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harder to reduce patients’ HbAlc levels. However, in our cross-sectional
analysis we included a rich set of important practice and patient population
covariates, including baseline admission rates. Our longitudinal analysis com-
pared changes in practices’ admissions over time with changes in quality,
thereby removing spurious correlations arising from unobserved factors that
do not change over time.

It is possible that practices with better glycemic control also provided
better access for diabetic patients to the practice, with longer opening times
and more nurses, so that patients would be more likely to use the practice
rather than the hospital when experiencing complications. This interpretation
of the results would not change the basic message of the paper—practices with
better overall diabetes management tend to have lower emergency admission
rates for short-term diabetic complications.

There is a long-term upward trend in emergency diabetes admissions
(Appendix Figure SA1), partly because of an underlying trend increase in the
prevalence of diagnosed diabetes, especially in Type 2 diabetes (Information
Centre for Health and Social Care 2006; Massé6 Gonzalez et al. 2009). This
trend continued between 2004/2005 and 2007/2008 despite the improve-
ments in practice recorded glycemic control. However, our cross-sectional
analysis of the association between control and admissions across practices
allowed for the growth in admissions over time. Moreover, our longitudinal
analysis showed that, although admissions generally increased, the increase
was less for practices with greater improvements in quality.

We believe that the observed association suggests that better manage-
ment of diabetes in family practice reduces admissions for hyperglycemic
complications without increasing admissions for hypoglycemic complications.

Implications of Results

Our study has shown that family practices with a higher proportion of re-
corded diabetic patients with moderate rather than poor glycemic control had
significantly lower rates of emergency hospital hyperglycemic admissions.
There was no significant association of practice diabetic control with hypo-
glycemic admissions. We also found that what mattered was moving patients
from poor to moderate control: Having more patients with good rather than
moderate control was associated with much smaller and statistically insignifi-
cant reduction in admissions.

The reductions in emergency admission for all short-term diabetic com-
plications associated with improvements in glycemic control were modest for
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individual practices—a 5 percent higher proportion of patients with moderate
diabetic control rather than poor control was associated with 0.3 fewer emergency
admissions per year for the average practice. Reproduced nationally, however,
this would imply 2,300 fewer emergency admissions each year in England.

The study also has implications for the design of pay-for-performance
schemes in primary care. The main aim of such schemes is to improve patient
outcomes by modifying the behavior of the medical professionals responsible
for their care. However, the lag times involved with most chronic diseases
make it difficult to attribute an outcome to the activity of a particular physician
or medical group, or to adjust for external factors beyond the physician’s
control (Doran 2008). Most pay-for-performance initiatives do not, therefore,
tie payments directly to outcomes, but to process activities and intermediate
outcomes over which physicians have more direct control and for which there
is evidence or a professional consensus for long-term benefit (Bruni et al. 2009;
Scott et al. 2009; Lee et al. 2010). This was the approach taken during the
development of the UK. QOF (Roland 2004).

We did not test whether the QOF improved quality because we did not
have data on quality before the scheme was introduced. There is evidence
from tracker studies of samples of practices that the QOF incentive scheme
accelerated an already upward trend in quality of diabetic care processes and
glycemic control (Campbell et al. 2007; Ashworth, Medina, and Morgan
2008; Doran et al. 2008a; Calvert et al. 2009; Alshamsan et al. 2010). Coupled
with our findings that better quality is associated with fewer emergency ad-
missions, this implies that the incentive scheme is likely to have improved
outcomes for diabetic patients.

Our study suggests that the basic assumption of the incentive scheme—
that improving intermediate outcomes in primary care will result directly or
indirectly in improved outcomes for patients and reduced hospital costs—
appears to be justified in the case of glycemic control. Other studies have
suggested mechanisms by which improved intermediate outcomes were
achieved (Maisey et al. 2008). Practice record keeping improved under the
QOF. Installation of electronic record systems was required for participation
in the incentive scheme. New software became available to assist practices in
increasing their quality scores. Such improved record keeping has been shown
to improve diabetic care (Peterson et al. 2008). Practices also employed more
staff under the incentive scheme: The number of family practitioners in-
creased by 15 percent, and the number of practice nurses increased by 21
percent, between 2002 and 2006 (Information Centre for Health and Social
Care 2009c¢). Ashworth and Armstrong (2006) and Griffiths et al. (2010) report
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that practices with more family practitioners and practice nurses, respectively,
had higher QOF quality points scores.

By 2006/2007 the vast majority of practices were performing above the
standards required for maximum remuneration under the incentive scheme,
despite potential for improvements in poor glycemic control in their popula-
tions, but would have received no additional financial reward for improvements
to their patients’ glycemic control. This suggests that the financial incentives in
the QOF were misaligned with the outcomes they were intended to achieve.
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